This study looks at the Japanese dance form, Butoh, and examines subjects' similarity ratings of ten affects to see whether they form a circumplex structure. Naïve western viewers observed pairwise presentation of 15 second movie clips of dance segments devised to convey different affects. For each possible pairing of the ten affects observers provided a rating of dissimilarity of the dance movements. These dissimilarity ratings were analyzed using the Proxscal algorithm for multidimensional scaling. The results suggest a circumplex structure, with two dimensions that correspond to activation and valence. The cues which may aid recovery of activation and valence from movement are discussed.
Our visual systems have developed to help us satisfy a variety of needs and desires. Just as vision guides locomotion to achieve targets and avoid obstacles, we can consider vision to help us navigate the complex social landscape in which we live. One such skill we can expect from visual cognition is the ability to estimate the affect of those around us. Although numerous studies have investigated how the face provides an understanding of affect there are other cues such as body posture and movement that also provide information. Whether these other cues are complementary to one another and how they compare to models of face processing are all questions being currently investigated. In this paper we examine participants ability to judge dissimilarity among different affective dance movements and relate these results to models of affect processing. The dance movements we have chosen to study are taken from butoh dance since these provide a unique and dynamic movement style (Kurihara, 2000) .
The question of how humans process and categorize emotion has led to much research, particularly concerning how emotion is represented. Theorists such as Ekman (1994) claim that there are basic emotions that are generally found cross-culturally, and which have evolved because they help us to adapt in fundamental life tasks. On the other hand, theorists such as Russell (1980) hold that emotions are not categories, but instead, lie on a continuum, in a circumplex consisting of activation and valence axes. Evidence for the categorical perception of emotion come from Etcoff and Magee (1992) , who gave undergraduates discrimination and then categorization tasks on facial expressions. They discovered that faces within a category were discriminated more poorly than faces in different categories that differed by the same physical amount. This result is consistent with the view of categorical perception that predict greater sensitivity at boundaries.
Although there is an abundance of empirical support for the model of basic emotion categories, there are also problems with it. Russell and Fehr (1994) have pointed out that some categories have very fuzzy borders. In particular, the 'anger' category refers to over sixty different expressions of anger and there is no way to measure similarity of emotions with purely categorical schemes. On the other hand the ability to quantify smoothly varying differences between expressions is intrinsic to the circumplex approach and is one of its strengths. The circumplex structure revealed by multidimensional scaling of participants' similarity judgements have revealed a structure of emotions that lay on a plane in a roughly circular fashion with one dimension of the space representing the activation of the affect, with anger and sleep at opposite extremes, whilst the other dimension represents valence, with contented at one extreme and depressed at the other. Russell (1980) calls this the circumplex model of affect, using affect to mean the most elementary consciously accessible affective feelings.
Experiments studying the perception of emotion from human movement have provided evidence for the circumplex model of affect. Pollick, Paterson, Brunderlin, and Sanford (2001) had two actors performing knocking and drinking movements in ten different affects, and asked fourteen subjects to categorize the emotion of each movement, choosing affect from a list of ten. These movements were displayed as point-light displays of the arm movements. They found that multidimensional scaling showed a circumplex structure, with one dimension corresponding to activation, and another to pleasantness. Related work by Camurri, Lagerlöf, and Volpe (2003) has investigated what factors may be guiding such human perception of emotion from human movement. Their work looked at the emotions of anger, fear, grief and joy. Five dancers performed all four emotions, and Camurri et al. (2003) looked at Quotient of Movement and Contraction Index when examining the responses to these dances. They found that joy had a high Quotient of Movement, whilst fear and grief had high Contraction Index. Although the circumplex model was not specifically looked at here, the ways in which humans perceive emotion can perhaps be related to perceiving both activation and valence. For example, Pollick et al. (2001) found that the activation dimension seems to be judged from movement kinematics, whilst pleasantness is taken from the phase relations between different phase segments, and such cues are similar to Camurri et al.'s Quotient of Movement and Contraction Index.
The aim of this study, therefore, is to investigate whether the recognition of emotion from butoh dance movements forms a circumplex structure of the type found by Pollick et al. (2001) for point light displays of simple arm movements. Previous studies have examined the recognition of affect from dance movements (Dittrich, Troscianko, Lea, & Morgan, 1996; Walk & Homan, 1984) but have not addressed whether the perception of affect supported a circumplex representation of affect. In this study, a kind of Japanese dance movement known as Butoh will be examined. This form of dance is highly expressive, since the dancer can take an affect and improvise movements to represent it. Ten affects will be examined, and subjects will be asked to discriminate between pairs, which will enable multidimensional scaling to be used on the data. A pairwise rating task also does not force subjects to choose affects from a list, which may restrict freedom of response. Therefore, it is hypothesized that the discriminations will form a circumplex structure, and also that the two dimensions of this structure will correspond to activation and valence, claimed by Feldman Barrett and Russell (1999a, b) , and Reisenzein (1994) to be the building blocks of representation of affect.
METHOD

Participants:
Thirteen Glasgow University Undergraduates participated in this experiment, and all were naïve to the purposes of the study.
Stimuli:
The set of stimuli consisted of ten different 15 second clips of Quicktime video depicting affective dance movements. Each of these clips constituted a different dance of the same solo dancer presenting each affect. The ten affects included anger, calm, fear, fragility, happiness, lightness, rigidity, sadness, strength and warmth. For each dance the dancer (the second author) choose a different affect to represent, and performed a 30-60 second dance. From this longer segment a 15 second clip was edited that appeared representative of the dance. By adjusting the compression settings of the quicktime video it was possible to degrade the movie stimuli so that features of the face were largely unrecognizable, while still preserving the basic quality of the movements. An example of what the dance figure looked like is given in Fig. 1 . The stimuli were presented on a Macintosh computer using Matlab and the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) .
The stimuli set was determined on the basis of trying to span a set of affects that included not only more common emotion terms (e.g. anger, fear, happiness, sadness) but also more aesthetic feelings (e.g. warm, calm, lightness). It should also be mentioned that butoh dance strives to be a concentrated movement improvization which is not based on trained, repetitive movement elements. Butoh is a promising model to study expressivity: From it's principles it is a precise way of balancing the body reaction with actual energetic perceptions and feelings. Butoh dancers nevertheless reject a state of purposefully prepared expressivity.
Procedure:
Participants were seated approximately 80 cm from a computer monitor that displayed the dance movies. The height of the dancer was approximately 6 degrees of visual arc. In a single session participants saw all possible 45 pairwise comparisons of the 10 different affects and gave a dissimilarity rating for each pair. Each member of the pair was presented sequentially with a brief presentation of a blank screen between movies. The dissimilarity rating went from zero to represent the highest similarity between clips to five for the highest dissimilarity. Before data collection began a practice block of six comparisons was shown to familiarize subjects with the procedure. The dance clips used in the practice block were different from the clips used in the full experiment, although they were performed by the same dancer and represented a subset of the set of affects.
RESULTS
Participants dissimilarity ratings were entered into the PROXSCAL multidimensional scaling algorithm in the form of lower-triangular matrices, one for each participant. These matrices were analyzed using a weighted Euclidean model to obtain a unique structure consistent with all participants' responses, as well as providing weightings for the different participants and dimensions. Various fits to the data were performed, exploring 1D to 5D solutions. The s-stress corresponding to these solutions were 0.13, 0.10, 0.07, 0.05 and 0.04; the dispersion accounted for was 0.91, 0.95, 0.98, 0.98, 0.99. The value of s-stress measures the misfit of the data to the model, with s-stress measures ranging from 1 (worst fit) to 0 (best fit). Dispersion accounted for, on the other hand, measures the fit of the model to data, and so, higher values indicate better fit. A two dimensional solution was chosen since it appeared optimal in accounting for the variance and providing a parsimonious solution. No obvious explanation appeared for the third dimension of the 3D solution, and the 1D solution can be viewed as simply Dimension 1 of the 2D solution. Results are shown in Fig. 2 for the two-dimensional solution.
Inspection of Fig. 2 reveals that dimension 1 appears to correspond to activation, with affects such as anger, strength and happiness to the right, and calm, sad and warm to the left. Dimension 2 appears to correspond to valence, with happy and warm to the bottom of the circle, and anger and fear to the top. One exception to this pattern, however, is the affect sad which falls on the positive side of valence rather than the negative side. The individual participant weights are displayed in Table 1 , and illustrate the importance attached to the two dimensions by each participant. Weights close to 1 indicate importance, and weights next to 0 indicate unimportance. For some of the participants, dimension 1 is weighted higher, but for others it is dimension 2. Averaged over participants the weightings are nearly equal -0.46 for Dimension 1, Activation, and 0.45 for Dimension 2, Valence, suggesting that both dimensions were equally important. This was confirmed by a paired sample t-test that revealed no significant difference between the weights for Dimensions 1 and 2, t(12)=0.59, p=.57 (two-tailed). 
GENERAL DISCUSSION
The results show that the ten affects investigated in the study are described by two dimensions which correspond to activation and valence, as hypothesized. Dimension 1 corresponds to activation, with high activation to the left (happy, strong, angry), and low activation to the right (calm, sad, light), whilst Dimension 2 corresponds to valence, with pleasantness (warm, happy, calm) near the bottom, and unpleasantness at the top (anger, fear, fragile). It is important to note that the model used to fit the data was the Weighted Euclidian model, which means that the dimensions themselves are meaningful -being tied to the individual subject weights -and cannot be rotated.
The results provide further evidence for the view that humans represent perceived affect in a circumplex structure. Affects such as happy and angry, both very active, are near one another on the activation dimension as expected, whilst further apart on the valence dimension. Interestingly, the affect rigid, which does not carry as much emotional impact as angry and happy is nearest to the neutral midpoint of the valence dimension. The affect of sad, however, does not appear as it would have been expected; it is next to warm and happy on the positive side of valence. This may perhaps be due to the fact that participants were biased to performing dissimilarity judgments between the low-level motion properties of the clips. Thus, the sad dance may have appeared very similar to the dance clip for warm, in its speed and smoothness of motion. However, it is worth noting that sad movements also appeared as an exception in the results of Pollick et al. (2001) , being on the borderline between positive and negative valence. Another possible explanation for the misplacement of sad movements that is consistent with conjectures by Runeson (1994) is that slow movements do not contain as much information as fast movements and thus would have a greater susceptibility for confusion.
The current results are similar to those of Pollick et al. (2001) in showing a circumplex structure to the perception of affect from human movement. It was noted by Pollick et al. that activation corresponded to a formless velocity cue but that a correlate to valence was difficult to determine. Results by Camurri et al. (2003) suggest one way forward to investigate valence for these dance movements. Camurri et al. (2003) studied the way in which people perceive emotion from dance movements, and found that for emotions like fear and grief, the Contraction Index (the closeness of limbs to the body) was higher than for emotions like joy. On the other hand, the Quotient of Movement was higher for anger and joy than for grief. Although Camurri et al. (2003) did not look at the circumplex model in relation to perception of emotion from dance movement, future research could investigate the Contraction Index and Quotient of Movement in relation to the circumplex. It may be that Contraction Index is an indication of valence, and Quotient of Movement would indicate activation. Examining these proposed measures of human movement could inform how humans judge valence from movement. Another step for further research could be to look at measures like the Contraction Index to see if it is independent of the Quotient of Movement and thus could form an independent basis of the two dimensions of the circumplex model.
Another factor concerning the dimensions used is how intensity is represented. Reisenzein (1994) examined different ways of representing intensity from activation and valence, and concluded that intensity of the emotion could best be seen as determined by the absolute degrees of pleasure and arousal, whilst the quality of the emotion was determined by the proportion of pleasure and arousal. This can be illustrated as so: if pleasure and activation are held in the same proportion as they increase or decrease, then the same quality of emotion can be seen at different intensities. Thus anger, which had over sixty expressions of it under Ekman's category, could be described as varying in intensity, whilst still remaining the same kind of affect. This shows the advantage of the circumplex model over the categories of emotion -it is able to quantify and describe different intensities of the same emotion in a precise manner.
The current results, of course, are not conclusive evidence that affect is always represented in a circumplex, and that there are no basic emotion categories as Ekman posited. However, it does show that the circumplex should not be disregarded or ignored in favour of basic emotions. It could be that humans represent emotion in different ways in different circumstances, and that both basic emotions and the circumplex are used in representing emotion. Perhaps it may be possible to put the two together, resulting in a circumplex which is able to explain the different aspects of a particular category of emotion; for a category like anger, with over sixty expressions of the same affect, the circumplex could help to clarify matters considerably. Humans could think of emotion on a general level as separated into different categories, for ease of representation, but when asked to examine a particular emotion closer, they may think of emotions as differing along two axes of activation and emotion. There could therefore be two different levels of thinking about emotion, and perhaps these two different theories, Basic Emotions and the Circumplex of Affect, should be considered together.
